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Background: In response to inherent inadequacies in health information technologies, clinicians create
their own tools for managing their information needs. Little is known about these clinician-designed
information tools. With greater appreciation for why clinicians resort to these tools, health information
technology designers can develop systems that better meet clinicians’ needs and that can also support
clinicians in design and use of their own information tools.
Objective: To describe the design characteristics and use of a clinician-designed information tool in sup-
porting information transfer and care coordination
Design: Observations, semi-structured interviews, and photographing were used to collect data. Partici-
pants were six nurse coordinators in a high-volume trauma hospital. Content analysis was carried out
and interactions with information tools were analyzed.
Results: Nurse coordinators used a paper-based information tool (a nurse coordinator’s clipboard) that
consisted of the compilation of essential data from disparate information sources. The tool was assem-
bled twice daily through (1) selecting and formatting key data from multiple information systems (such
as the unit census and the EHR), (2) data reduction (e.g., by cutting and whitening out non-essential items
from the print-outs of computerized information systems), (3) bundling (e.g., organizing pieces of infor-
mation and taping them to each other), and (4) annotating (e.g., through the use of colored highlighters
and shorthand symbols). It took nurse coordinators an average of 41 min to assemble the clipboard. The
design goals articulated by nurse coordinators to ﬁt the tool into their tasks included (1) making infor-
mation compatible with the mobile nature of their work, (2) enabling rapid information access and
note-taking under time pressure, and (3) supporting rapid information processing and attention manage-
ment through the effective use of layout design, shorthand symbols, and color-coding.
Conclusions: Clinicians design their own information tools based on the existing health information tech-
nologies to meet their information needs. The characteristics of these clinician-designed tools provide
insights into the ‘‘realities” of how clinicians work with health information technologies. The ﬁndings
suggest an often overlooked role for health information technologies: facilitating user creation of infor-
mation tools that will best meet their needs.
 2009 Elsevier Inc. All rights reserved.1. Introduction
Effective information transfer and care coordination is critical to
patient safety [1] and efﬁciency [2] in acute care settings, espe-
cially in the context of increasing demands for beds, reduced inpa-
tient capacities, and the increasing costs of care [3]. Health
information technologies (HIT) have the potential to improve coor-
dination [4], quality and safety of care [5] and efﬁciency in re-
source management in acute care settings. In this paper, we use
the term ‘‘information transfer” to describe clinicians’ activities
to achieve and share a common understanding with others suchll rights reserved.as fellow clinicians and patient families. This common understand-
ing can include goals, perspectives, responsibilities, authorities,
capabilities, task status, and expectations of future events. Infor-
mation transfer is achieved by verbal communication between
the relevant parties as well as by the synchronous or asynchronous
means of receiving or sharing information via paper and computer-
ized information tools.
A growing body of evidence indicates that the introduction of
HIT into care settings is not always successful and often results
in unintended consequences [6–9]. Examples of HIT failures com-
mon across care settings include incompatibility with existing
workﬂow [9,10] the inadequate support of team-based care
[6,11], the creation of more work for clinicians [10,12–14], a reduc-
tion in efﬁciency [15], and the overuse of reminders, alerts or
668 A.P. Gurses et al. / Journal of Biomedical Informatics 42 (2009) 667–677warning messages [6]. HIT failures are largely attributed to the
mismatch between the theories and assumptions of technology
designers and the realities of clinical work [7,16,17]. Designers fre-
quently assume that the work environment is rational, linear, indi-
vidualistic, and objective [16], while in reality clinical work is
complex, high-paced, interruptive, opportunistic, personal, and
collaborative [18,19].
To support their tasks and overcome challenges with HIT, clini-
cians often have to develop their own ‘‘workaround” solutions [20].
Clinicians have been found to modify, tailor, and design tools to ﬁt
their information needs for communication and coordination [21–
23]. HIT purchased from vendors are almost always used in ways
different from those intended by the designers of those systems
[24]. For example, an observational study conducted in two inten-
sive care units revealed that clinicians assembled paper-based
tools into ‘‘bundles” of highly selective information to reduce cog-
nitive workload, allowing them to more easily maintain situation
awareness and to more efﬁciently identify problems [25]. Sticky
notes, personal ‘‘cheat sheets” and paper-based templates are all
examples of common user-designed information tools in health
care [21,22,26]. Analogous user-design activities can be found in
non-healthcare domains. For example, airline pilots typically mark
their charts and ﬂight manuals with highlighters or colorful sticky
notes to increase the speed and ease of searching and accessing
critical information [27].
The characteristics of the user-designed information tools
may reveal cognitive and collaborative work carried out in prac-
tice but unrecognized by designers [24,28–30]. In this study, we
focused on a speciﬁc tool known as the nurse coordinator’s clip-
board or, in short, ‘‘the clipboard,” that was designed by nurse
coordinators and has been used for the last eight years to sup-
port their information transfer and care coordination activities
in a trauma hospital. We used ethnographic methods to under-
stand the characteristics of this tool. Our observations and inter-
views were guided by questions based on how the clipboard was
prepared and used, as well as how the user-deﬁned design char-
acteristics of the clipboard supported cognition and collaborative
work in the highly demanding work environment of a trauma
hospital. We also examined the implications of the characteris-
tics of the clipboard for nurse coordinators’ work as compared
to the other existing information sources in order to inform fu-
ture HIT design.2. Methods
2.1. Setting
The study was conducted in a trauma specialty hospital (104
beds) in a major urban academic medical center between March
and December of 2006 after approval from the Institutional Review
Board. The trauma hospital is a primary referral center for a state-
wide emergency medical service system. The hospital is a six-story
building that is connected to an academic medical center. The trau-
ma hospital contains a twelve-bay trauma resuscitation unit, a six-
room operating suite, a nine-bed post-anesthesia care unit, three
intensive care units (total 36 beds), three intermediate care units
(total 36 beds), and a general ward (20 beds).
2.2. Participants
There were a total of six nurse coordinators in the hospital, each
working 12-h shifts to achieve a 24/7 coverage. All six nurse coor-
dinators participated in the study. We shadowed three of the nurse
coordinators followed by informal, short interviews. We held sit-
down formal interviews with ﬁve of the nurse coordinators.In this hospital, nurse coordinators are responsible for day-to-
day care coordination. They are the hub of the information transfer
and storage necessary for care coordination. They facilitate patient
access and patient ﬂow by removing barriers to resources (for
example, by requesting additional staff) and operations (such as
by requesting urgent completion of clinical tests needed in order
to discharge a patient) and by negotiating differences among vari-
ous specialties. When asked what their role is, one nurse coordina-
tor stated ‘‘We make sure that there is a staffed bed appropriate for
each patient based on the level of care needed.” To be able to coor-
dinate care effectively and use limited resources efﬁciently in this
high-paced, highly demanding clinical work environment, nurse
coordinators need to have quick and easy access to various types
of information. For example, they need to know whether a partic-
ular patient can share the same room with another patient based
on their infection status, which beds are likely to be available in
the next few hours, which nurse(s) would be willing to work in a
unit other than their main working area, and plans for possible dis-
charges based on patients’ clinical conditions. Based on all of these
different pieces information, nurse coordinators develop and apply
a ‘‘coordination plan” at the beginning of each shift, which covers
issues such as which bed to assign a particular patient or which
nurse to reassign to another unit. Nurse coordinators update this
coordination plan as new information becomes available.
2.3. Data collection
Data was collected through shadowing nurse coordinators, con-
ducting formal interviews, taking photographs, and sampling the
clipboards from six consecutive shifts.
2.3.1. Shadowing
Shadowing is an ethnographic technique by which an observer
unobtrusively follows a subject over a long period of time, with the
goal of collecting in-depth data to answer the research question
[31]. To facilitate data collection, an observation instrument was
developed using an iterative approach based on the shadowing of
nurse coordinators. We (APG, PH) shadowed two of the nurse coor-
dinators for a total of 33 h in order to sample different activities
throughout a 12-h shift. In addition, we conducted informal,
unstructured interviews with these nurse coordinators to clarify
any outstanding issues that arose during shadowing. The content
validity of the instrument was assessed by conducting short inter-
views (15–20 min in length) with three nurse coordinators.
The unit of analysis of observations was an ‘information transfer
episode.’ An information transfer episode includes activities con-
cerning information receiving and sharing for a single purpose
such as informing a charge nurse about a possible admission or
receiving information about a particular surgery’s completion.
The observation instrument was in a table format and designed
for collecting data on eight variables of information transfer: dura-
tion of an information transfer episode, location, number of times a
particular information tool such as the clipboard was used for a
single information transfer episode, number of annotations on a
particular information tool for a single information transfer epi-
sode, people involved in an information transfer episode (if any),
modality used (e.g., verbal, observation), purpose of information
transfer, and any other observations noted by the observer. Using
this observation instrument, a human factors engineer (APG) shad-
owed three nurse coordinators on twelve different shifts for a total
of 42 h. The shadowing covered three periods of a nurse coordina-
tor’s shift that reﬂect how the clipboard is assembled and used by
nurse coordinators: the preparation for handoff, the handoff, and
the ﬁrst walkthrough in the hospital just after the handoff. To be
systematic, the observation periods were deliberately varied across
day–night shifts and weekend–weekday shifts.
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the nurse coordinator were recorded. The time stamp of the
recordings provided timing and duration data in conjunction with
the data recorded on the observation instrument. Non-verbal activ-
ities, such as the nurse coordinator looking into a patient’s room
while passing by to check whether the patient was still on ventila-
tor, were recorded on the voice recorder by the observer. After each
shadowing session, data captured on the observation instrument
were amended by reviewing the voice recording.
2.3.2. Interviews
We conducted in-depth, semi-structured interviews with ﬁve
nurse coordinators to understand how and why nurse coordinators
assembled the clipboard, as well as their views on the strengths
and weaknesses of the clipboard in regards to the accuracy of,
accessibility to and comprehensiveness of information captured
compared to the use of other information sources. Sample ques-
tions from the interview guide included:
– What information sources or tools do you use (1) when prepar-
ing for handoffs, (2) during handoffs, and (3) during
walkthrough?
– What are the advantages and disadvantages of this information
tool (e.g., the clipboard)? How does this particular tool (e.g., the
clipboard) facilitate or hinder your job?
– Which information tools do you rely on to get the most up-to-
date, accurate information on a patient’s current condition or
stafﬁng status? Which information tools are easy and quick to
access? Which tools provide comprehensive and detailed infor-
mation? Why? Please give examples whenever appropriate.
2.3.3. Photographing
We took a total of 64 photographs of the clipboard while it was
being assembled before handoffs, while it was being used during
handoffs, and during the nurse coordinator’s walkthrough. Photo-
graphing has been successfully used previously to capture visual
aspects of tools [32].
2.3.4. Sampling of clipboards
We collected clipboards from six consecutive shifts to analyze
their content and structure. The nurse coordinators removed all
personally identiﬁable information from the sample clipboards be-
fore sharing them with us.Table 1
Information sources used by the nurse coordinators and the corresponding information ta
Information sources Information targets
The clipboard Unit stafﬁng sheet
The clipboard 6 (2.1%)
Unit census sheet 42 (14.4%)
Unit stafﬁng sheet 35 (12.0%)
EMR 8 (2.8%)
Whiteboard 24 (8.2%)
Bed management software 1 (0.3%)
Nurse coordinator 3 (1.0%)
Charge nurse 57 (19.5%)
Primary nurse 20 (6.8%)
Physician 2 (0.7%)
Patient transport 15 (5.1%)
Direct observation 7 (2.4%)
The total number of information transfer episodes in one walkthrough: 292 (100%)
a The numbers in each cell denote the number and the percentage of information tra
b There were a total of 102 patients in the hospital when this walkthrough began.
c The nurse coordinator was involved in all information transfer episodes. Hence, for sim
other clinicians involved in information transfer episodes were indicated in the table ex2.4. Data analysis
All voice recordings were transcribed. The transcriptions from
the observations were combined with the data recorded on the
observation instrument. All three authors independently con-
ducted content analysis of all the transcripts and photographs with
the goals of answering the following questions:
– How do nurse coordinators assemble and use the clipboard?
– How does the clipboard support nurse coordinator’s job? Why
do nurse coordinators use the clipboard?
– What are the characteristics of the clipboard? What are the
strengths and weaknesses of the clipboard compared to the
other information tools?
We also analyzed the content of the clipboards based on a sam-
ple from six consecutive shifts using a grounded theory approach
[33]. The analysis was aimed at discovering (1) the types of infor-
mation included on the clipboard, (2) the organization of informa-
tion, (3) how visualizations, shorthand symbols and color-coding
were used to support nurse coordinators’ cognitive activities, and
(4) other design characteristics.
3. Results
3.1. Information tools
Nurse coordinators used a variety of information sources (Table
1) such as the electronic medical records (EMR), operating room
schedules in the form of paper print-outs, and nurse schedules
which are kept in the paper-based nurse stafﬁng folder. The most
frequently-used tool by far was the clipboard (229 out of 370 or
62% of the information transfer episodes). In contrast, on-line tools
were used infrequently. Compared to the available on-line tools, a
signiﬁcant advantage of the clipboard was that it enabled nurse
coordinators to edit out unnecessary items and to add annotations
directly onto the forms. Information tools other than the clipboard
were mainly used either to get updates and revise the clipboard
accordingly or to get more detailed information than what was
available on the clipboard. For example, the nurse coordinator fre-
quently looked at the print-out of the unit census kept in the nurs-
ing station of each unit during walkthroughs since it included the
most up-to-date information about patients as the charge nurse
modiﬁed it as soon as a new piece of information became available.rgets in one complete walkthrough.a,b,c
EMR Nurse coordinator Charge nurse Primary nurse
6 (2.1%) 23 (7.9%) 10 (3.4%)
6 (2.1%)
4 (1.4%)
6 (2.1%)
1 (0.3%)
3 (1.0%)
2 (0.7%) 1 (0.3%)
5 (1.7%)
1 (0.3%) 1 (0.3%)
3 (1.0%)
nsfer episodes.
plicity only the information tools used and targeted by the nurse coordinator or the
cept when the nurse coordinator did not use any information tools.
Fig. 1. The nurse coordinator’s clipboard. The clipboard (left side) was letter sized (8½  11 inches), with 35–40 pages. A close-up view of a section of the clipboard (right
side) illustrated color-coding and annotations used on census print-out. (A) Print-out of patient census in admitting area from the electronic medical records, with space for
annotation (items include summary information about patient including name, date of birth, gender, reason for admission). (B) Pages indexed by colorful stickers for rapid
access. (C) Print-out of census for all units other than the admitting area with highly condensed format (one line per patient). Patient names were colored to denote the
isolation status of the patient. The census included: (D) the attending physician and (E) the team that each patient was assigned to. The page was annotated with: (F) nurse
stafﬁng levels for the last 12 h in this unit, (G) nursing assistant stafﬁng levels for the last 12 h, (H) names of the agency or traveler nurse(s) who would be willing to ﬂoat to
another unit, (I) beds available (circling around ‘‘bed 12” indicated its availability), (J) nurse stafﬁng levels for the next shift, and (K) nursing assistant stafﬁng levels for the
next shift. Other examples of annotations used in the nurse coordinator’s clipboard are provided in Table 3.
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information about the most recent laboratory test results for a par-
ticular patient.
Detailed examination of the clipboard revealed its sophistica-
tion as an information tool. The clipboard was an assembly of three
types of print-outs including patient census by unit, surgery sched-
ules, and physician on-call schedules from a disparate array of on-
line databases (Fig. 1). Handwritten lists of pending admissions
and important phone numbers were also attached. Nurse coordina-
tors carried the clipboard with them at all times. They commented
that it would be very hard, if not impossible, to do their jobs with-
out this tool. We describe the assembly and use of the clipboard
and highlight its design characteristics that support nurse coordi-
nators’ work.
3.2. Assembling the clipboard
As reported in the interviews and as conﬁrmed by observa-
tions, the outgoing nurse coordinator assembled the new clip-
board at the end of each shift based on the agreed-upon
design speciﬁcations of nurse coordinators such as which types
of information categories to whiten out. The assembly was con-
ducted in four steps: (1) printing the unit census from the EMR,
(2) erasing, by whiting out, unnecessary information from, as
well as cutting out the unnecessary parts of, the print-outs, (3)
taping print-outs together and assembling pages on the clip-
board, and (4) transferring any manually-recorded relevant infor-
mation from the old clipboard to the new clipboard (Fig. 2). In
one observation, assembling the clipboard took a nurse coordina-
tor 49 min (Table 2).3.3. Information categories used on the clipboard
Eight different information categories were identiﬁed on the
clipboard: constraints (e.g., one-to-one nurse patient ratio required
for a particular patient), opportunities (e.g., the possibility of pa-
tient discharge within the following 24 h), ﬂexibilities (e.g., a list
of nurses in the intermediate care unit who also have the creden-
tials to work in the ICU), preferences (e.g., nurses who would be
willing to ﬂoat to another unit if a need arises), uncertainties
(e.g., the undetermined surgical plans of a particular patient), goals
(e.g., weaning a patient off ventilation and transferring him to the
intermediate care unit), exceptions (e.g., a patient’s family member
granted extended visitation hours) and assumptions (e.g., assumed
infection pending further tests) (Table 3). Nurse coordinators made
decisions and performed their tasks based on these different cate-
gories of information. For example, before assigning a patient to a
particular bed, the nurse coordinator needs to know the clinical
condition of the patient, such as his infections status (constraint);
the availability of any vacant or potentially vacant beds in the hos-
pital that can provide the appropriate level of care (opportunities);
and whether something needs to be done such as ﬁnding a sitter
before the patient can be placed on that particular bed (things-
to-do). At the beginning of each shift, nurse coordinators develop
a plan for care coordination based on these eight pieces of informa-
tion and revise this plan as new information becomes available.
3.4. Reported uses of the clipboard
Nurse coordinators reported a number of uses of the clipboard
as listed below:
Fig. 2. Steps in the assembly of the clipboard. (a) Whitening out non-essential items. (b) Cutting out unnecessary parts (e.g. white space) of the print-outs. (c) Taping print-
outs of two adjacent units of a ﬂoor to create at-a-glance view of both units. (d) Annotating on the new clipboard based on the information from the old clipboard.
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during handoffs.
– Supporting mobile nature of clinical work by providing instanta-
neous access to highly selected information during
walkthroughs.
– Facilitating information collection through rapid annotation and
dissemination through quick look-ups in meetings, walk-
throughs, and opportunistic encounters.Table 2
Assembly activities of the new the clipboard at the end of a shift.
Activities Examples of sub-activities Duration
(min)
Total
duration
(min)
Print the electronic,
preformatted forms
Log on to the electronic
information systems; make
the necessary print-outs such
as unit census summaries
2
Organize the print-outs Cut or whiten out
unnecessary sections; divide
the space on the print-outs
by drawing lines; tape
patient census print-outs of
adjacent units together to
have at-a-glance view
7
Annotate on the new
clipboard (based on the
following information
sources)
– The old clipboard 21
– Electronic medical record 5
– Bed management software 2
– Charge nurse(s) 4
– Patient transport 2
Total time spent on
annotation
34
Other unrelated activities Interruptions, distractions,
socialization
6
Total time spent on
preparation activities
49– Supporting information access under time pressures via data
reduction, information organization, and use of visualizations,
shorthand symbols, and color highlighters.
– Supporting informal information transfers due to the temporal
nature of the clipboard. The clipboard is destroyed at the end
of each shift.
We describe in detail below these uses and how the character-
istics of the clipboard supported nurse coordinators’ work.
3.5. Supporting comprehensive and efﬁcient information transfer
during handoffs
The face-to-face handoff report (approximately 30–45 min) was
supported by the clipboard located between the two nurse coordi-
nators in all the 12 observed handoffs. The clipboard was used as a
reference in order to rapidly and thoroughly transfer information,
including the anticipated status of patients, beds, stafﬁng, and
things-to-do. Using the clipboard, the outgoing nurse coordinators
suggested overall strategies that could be used to coordinate re-
sources and care in the next shift.
3.6. Supporting the mobile nature of clinical work
After the handoff, the nurse coordinator always conducted
walkthroughs of the hospital with the goals of sharing and receiv-
ing the most up-to-date information for each unit in the following
sequence (disregarding extraordinary circumstances such as pa-
tient-related emergencies): ﬁrst through the admitting area, then
the operating rooms, then the post-anesthesia care unit, followed
by the three different multi-trauma intermediate and intensive
care units, and ﬁnally the telemetry unit. During the walkthrough,
which takes approximately 90–120 min, the nurse coordinator
typically received updates by looking at various information tools
Table 3
Examples for use of visualizations, shorthand symbols, and color-coding in the clipboard to support nurse coordinators’ cognitive activities.
Categories of
information
Use of visualizations, shorthand symbols and color-coding in the clipboard Explanation
Constraints Yellow: Patient with
MRSA, VRE or CDIF.
Highlighted for contact
isolation
Orange: Patient with
acinetobacter sensitive
to at most one
antibiotic. Highlighted
to avoid placing this
patient in the same
room with patients
who have large
wounds
Patient with high
ventilator settings.
Annotated to indicate
the need for a specially
equipped room
Opportunities Triangle: Potentially
vacant bed. Current
patient to be
transferred out within
the next couple hours
Exceptions This patient was
marked ‘‘VIP.”
Annotated for special
handling
Things-to-do Annotated for ﬁnding a
sitter for this patient
Preferences Numbers: Stafﬁng level
(nurses, patient care
technicians, unit
clerks) in the unit for
the current (left side)
and next shift (right
side)
Name: This nurse is
willing to ﬂoat if a need
arises
Assumptions Hashed yellow marks.
Highlighted for
suspected infection of
the patient transferred
from another hospital.
Assumed to use contact
precautions until
laboratory results
received
Uncertainties Question mark for
discharge plans.
Annotated for seeking
more information
Contingency
plans
Patient can be
discharged if his lactate
level drops. Annotated
for future follow-up of
laboratory test results
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gery scheduling) and the nursing stafﬁng tally (to anticipate next
shift’s stafﬁng levels for each unit), as well as by observing patient
rooms to understand the level of care needed for an individual pa-
tient. Nurse coordinator also frequently engaged in informal,
opportunistic meetings with various clinicians during the walk-
through. In addition, she was frequently contacted by other clini-
cians and patient families on issues related to patients’
conditions, care coordination, and resource management. Nurse
coordinator used the clipboard to facilitate information transfer
during walkthroughs under time pressure. The clipboard enabled
the nurse coordinator to quickly transfer information without the
need to ﬁnd a computer, to log in to the EMR, and to go through
several screens. The following quote supports the observed pat-
terns of using the clipboard:
‘‘We continuously get paged with questions. . .If I don’t have the
clipboard with me, then I will have to ask nurses what is hap-
pening with a particular patient and they will have to give me
a full history. . .I don’t always have access to a computer, then
you’ve got to log on to the computer, it is a waste of 5 min.
On the other hand, I may reach most of the information I am
looking for in a second using the clipboard. . .Information on
the clipboard is easily retrieved and it stays with me all the
time. . .It is not exact information but it is information, the most
that we can carry and access quickly to answer questions and
make decisions.” (Nurse Coordinator #4)3.7. Facilitating information collection through rapid annotation and
dissemination
During walkthroughs, nurse coordinators frequently stopped
at locations with rich information sources, such as nursing sta-
tions. These locations typically included information sources
such as the EMR, annotated print-outs of the unit census, nurse
stafﬁng data, and other clinicians such as the unit charge nurse.
As the nurse coordinator moved from one location to another in
the hospital, she received updates on patients’ conditions and in-
formed unit charge nurses about possible admissions, often
through face-to-face encounters that were supported by infor-
mation tools available at these locations. For example, the sur-
gery schedule board of the OR desk contained the most up-to-
date information on OR schedules, and the OR charge nurse
could often be found there.
The clipboard was used as a medium for rapidly annotating and
disseminating information in order to coordinate patient care and
other supporting activities in the hospital. For example, one nurse
coordinator was observed using the clipboard as a memory aid;
when she checked a patient’s infection status with his primary care
nurse, she immediately recorded this information on the clipboard.
After completing the walkthrough, the nurse coordinator went
back to her ofﬁce and updated the patient’s infection status on
the EMR (Table 1). The clipboard was also used to coordinate pa-
tient care needs with available resources. For example, during
walkthrough, the nurse coordinator communicated with the
admitting area charge nurse about the level of care needed by a
newly-admitted patient. The nurse coordinator looked at the clip-
board for information on the hospital bed status and highlighted a
possible bed on the clipboard to which the patient could possibly
be transferred. Next, when she arrived in the unit where the bed
was available, she explained her transfer plan to the unit charge
nurse. After the charge nurse agreed with this decision, the nurse
coordinator put an indicator on the clipboard showing where the
patient would be transferred, and then contacted the charge nurse
of the admitting area to conﬁrm the plan. These examples illustrate
how the clipboard best meets nurse coordinators’ informationneeds because of its portability, the ease with which it can be
annotated, and its immediate accessibility. The following quote
also conﬁrms the clipboard’s critical role in supporting nurse coor-
dinator’s job:
You prefer to have that binder [clipboard] with you as opposed
to looking at the EMR all the time because a lot of what we do is
anecdotal. I have to be able to write. You can’t do data entry on
the computer all the time. (Nurse Coordinator #2)3.8. Supporting rapid information access
The clipboard can support information access under time pres-
sure through data reduction, optimally organized information, and
effective use of visualizations, shorthand symbols, and color-
coding.
3.8.1. Data reduction
The clipboard was designed to include only the most essential
information, excluding details that are rarely needed, as noted by
one nurse coordinator:
Most of the time there is much more information than I need in
EMR, so I need to spend time to ﬁnd the relevant information.
What is the most helpful to me is something short and quick,
like in the clipboard. I like to see the mechanism of the injury,
the injuries, and which doctors are taking care of the patient.
That way, I know just by looking at that if I have any questions,
this is the orthopedic resident to call and ask questions. (Nurse
Coordinator #1)3.8.2. Organization of information
The way documents were assembled on the clipboard was de-
signed to facilitate rapid access. The document containing the most
frequently needed information (i.e., the census of the admitting
area) was always placed at the top of the clipboard, whereas the
least frequently needed document (i.e., a list of emergency contact
information of attending physicians) was placed at the bottom.
Censuses of physically adjacent units on a ﬂoor were taped onto
a single page. The utility of such an arrangement is evident from
the following quote:
These [ICU and IMC on the same ﬂoor] are sister units. A lot of
times you will try to move patients from this particular ICU to
this IMC. It [the clipboard] gives you all the relevant informa-
tion about the beds in this ICU and IMC on one page so that
you can have at-a-glance view of the information rather than
being have to ﬂip through each page. (Nurse Coordinator #5)3.8.3. Use of visualizations, shorthand symbols and color-coding
Visualizations, shorthand symbols and color-coding were
exploited to support the cognitive activities of nurse coordinators
who worked under the demanding and fast-paced environment
of the trauma hospital (Fig. 1). Furthermore, the clipboard was de-
signed to provide at-a-glance view of different types of information
(Table 3).3.9. Supporting informal information transfer
The information held by the clipboard was not permanent; at
the end of each shift, it was destroyed and a new clipboard was
prepared. Since the clipboard was temporal and only nurse coordi-
nators had access to it, sensitive information, such as family dis-
agreements and tentative and uncommitted plans, such as
whether a patient might be discharged within the following 24 h
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management, as illustrated by the following quote.
. . .I put little notes on the clipboard. For example, here I wrote
down that this guy is a prisoner. So, he has guards in there
and he is under arrest. I would really hate to put an innocent
person in there; they would be scared to death probably. This
kind of thing you would not know just by looking at the elec-
tronic system. (Nurse Coordinator #1)3.10. Strengths and weaknesses of the different information sources
Table 4 summarizes the strengths and weaknesses of the differ-
ent information sources used by nurse coordinators. When nurse
coordinators needed information that is more accurate or more
comprehensive than that which is provided by the clipboard, they
consulted with other information sources. For example, rather than
relying only on the clipboard, the nurse coordinator checked with
the primary nurse to get the latest update on a patient’s condition
and discharge status.
4. Discussion
Clinicians design information tools by organizing and consoli-
dating relevant pieces of important data from disparate sources
and use these tools to support their work. Such user-design activ-
ities are widespread. In this paper, we focused on identifying the
design characteristics of such an information tool used by nurse
coordinators of a trauma center. These characteristics such as
being portable, rapidly accessible, swiftly customizable, and easy
to annotate allow the clipboard to complement those areas of a
nurse coordinator’s work that is not adequately supported by the
currently available HIT.
The clipboard was by far the most frequently-used information
tool of the nurse coordinators. Our ﬁeld study identiﬁed some of
the characteristics of the clipboard that make it an indispensable
information tool for the nurse coordinators. The clipboard is porta-
ble and process-oriented [26,34]. It supports continuity of informa-
tion by facilitating information transfers between nurse
coordinators at the end of shifts. It acts as an external memory
aid for nurse coordinators to facilitate information transfers, while
at the same time acting as a decision support tool to facilitate indi-
vidual and shared decision-making about resource managementTable 4
Tradeoffs in accuracy, accessibility and comprehensiveness of various information sources
Information sources Accuracy Accessibil
The clipboard L H
Physical chart H L
Electronic medical
record (EMR)
H L
Nursing ﬂow sheet M L
Whiteboard H H
Physicians H L
Primary nurse H L
Charge nurse M L
Direct observation
(e.g., of patient’s room)
H L
Example quotes ‘‘What the clipboard does not tell you is how
the patient is doing currently. That
information I will get from the charge nurse,
or direct observation of the patient, or the
primary nurse, or the physical chart. The
clipboard is not up-to-date on a real time
basis.”
‘‘It is easi
informati
EMR, you
log in, the
to get the
there is m
in EMR, s
relevant i
a The levels of accuracy, accessibility and comprehensiveness are indicated in the taband care coordination. It provides at-a-glance representation of
the current goals, constraints, opportunities, ﬂexibilities, prefer-
ences, uncertainties, goals, exceptions, and assumptions that exist
in the system (Table 3) [21]. A critical part of resource manage-
ment in a trauma center is to allow for the maneuverability of
key resources such as staffed beds. The clipboard supports this task
by providing at-a-glance representation of the updated status of
demands, opportunities and tasks that must be performed to im-
prove patient ﬂow.
HIT has the potential to enhance quality, safety and efﬁciency of
care [5,35]. However, these technologies may not ﬁt into the exist-
ing social and technical infrastructures of the health care work
environment for several reasons [6,24,36]. Although today’s HIT
can provide very detailed and comprehensive information about
each individual patient, these technologies generally fail to provide
an integrated overview and summary of information that clinicians
need to complete their tasks under the highly demanding clinical
environment [26,37]. With the current individual-patient focused
design of HIT, clinicians spend substantial amounts of time going
through various information sources and screens to get to the
information they need, unnecessarily complicating their tasks. Fur-
thermore, the nature of the clinical work is mobile, making data ac-
cess through computers less efﬁcient and less practical than data
on paper. As a result of this incompatibility of vendor-designed
HIT with clinicians’ needs [24], clinicians routinely reorganize
and represent information on paper-based documents [25,38,39].
Although our study was based solely on one group of clinicians
in one hospital, we believe that user design of information tools
will never vanish for three reasons.
One size does not ﬁt all. Each organization is different, with un-
ique workﬂows and information needs and it may not be feasible
for vendors to tailor the designs of HIT to ﬁt the unique set of needs
of each organization in a timely manner. The long lag time between
the design, purchase and the actual use of the vendor-designed HIT
will contribute to the persistence of multitude of information tools,
including those designed by clinicians.
Elaborative nature of HIT design. Ideally, HIT designers would be
able to identify all user needs and the corresponding design
requirements upfront to develop the perfect technology. How-
ever, such a technology cannot realistically be expected since
health care work is extremely complex and designing tools to
meet clinicians’ needs is a very intricate process. No matter
how thoroughly HIT designers study clinicians’ work environmentused by nurse coordinators to gain information on patient’s clinical status.a
ity Comprehensiveness
L
H
H
M
L
H
H
M
L
er, more convenient to get
on from the clipboard because with
have to ﬁnd a computer, and then
n go through few window screens
information. . . Most of the time
uch more information than I need
o I need to spend time to ﬁnd the
nformation.”
‘‘The patient chart is the most inclusive
information source [in terms of patient’s
clinical condition]. The problem with the
chart is it takes a lot of time to sit down and
go through.”
le as follows: L, low; M, medium; H, high.
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undoubtedly be missed [40]. The goal of the HIT designers should
therefore be to develop systems that (1) support user needs as
much as possible based on extensive upfront ﬁeld work, and (2)
are ﬂexible enough to allow users to easily design tools them-
selves to meet their unmet needs.
Organizational changes. Organizations are constantly changing,
and so are their workﬂows and information needs. It is extremely
challenging, if not impossible, to modify the vendor-designed HIT
every time a change in the organization occurs.
In sum, this study has three main ﬁndings. First, our study dem-
onstrated several often neglected principles in user-interface de-
signs of HIT. Given the current HIT designs, clinicians must spend
considerable effort to select and integrate data elements that are
relevant and critical for the task(s) they need to complete
[37,38]. However, it is well-known from studies conducted in com-
plex work domains that effective user-interface designs that inte-
grate data into useful information reduce demands on users and
improve their performance [41–43]. To be effective, technologies
must make the information important for clinicians’ work includ-
ing system constraints, opportunities, uncertainties, goals, ﬂexibil-
ities, exceptions, preferences, and assumptions more visible and
rapidly accessible. The goal of HIT designers should be to develop
technologies that minimize the workload of the clinicians who
integrate numerous data into useful information relevant for their
work.
Second, the study of clinician-designed information tools such
as the nurse coordinator’s clipboard can provide valuable insights
into health care work that is very hard, if not impossible, to obtain
by other methods, such as interviewing clinicians or doing experi-
mental studies. By studying the characteristics of these clinician-
designed tools, HIT designers can learn about clinicians’ informa-
tion needs and the design requirements necessary to support clin-
ical work [29,44]. Combined with the analysis by Gorman et al.
[25], studies of clinician-designed information tools have uncov-
ered information processing activities such as data aggregation,
reduction, visual search, and prioritization that were poorly sup-
ported by existing HIT. HIT designers should use this knowledge
to (re)design better technologies that can meet the needs of clini-
cians. For example, based on the detailed study of the nurse coor-
dinator’s clipboard, HIT designers can modify the EMR so that
nurse coordinators can see and print a one page, at-a-glance sum-
mary of key information related to the patient, bed, and staff status
of each unit or a group of units. Alternatively, HIT designers can de-
velop a new module in EMR that nurse coordinators can use to
share sensitive information that is not appropriate to include or
store in the formal information systems but necessary for coordi-
nating care.
Finally, a paradigm shift is needed in the HIT design process.
Technologies should be designed in ways that would make it easy
for clinicians to design their own information tools in the cases
where existing technologies do not meet their needs. In an ideal
world, HIT designers would be able to identify clinicians’ needs
and design the perfect information technology before it is deployed
and redesign it quickly to meet clinicians’ continuously changing
needs. However, given the elaborate nature of the design process,
this is not realistic [16]. Designing the perfect technology would
require extensive efforts to understand the minute details of clini-
cians’ complex work and the characteristics of their work environ-
ment, which is unlikely given limited time and resources.
Furthermore, clinicians’ needs constantly evolve. HIT design must
therefore be a continuous process with no crisp start and ﬁnish
points [45,46]. This does not mean that designers should not strive
for designing the best technologies on the ﬁrst attempt. Instead,
this new design paradigm suggests that vendors and professional
software companies should design technologies that will allow cli-nicians to design andmodify tools easily and quickly based on their
current and evolving needs.
Based on the ﬁndings of our study and from the existing litera-
ture within [25] and beyond the healthcare domain [27,47], the
characteristics of clinician-designed information tools can be sum-
marized as follows:
Clinician-designed information tools are mostly process-ori-
ented tools [26]. Clinicians design tools to facilitate the informa-
tion transfers and coordination by organizing and presenting
information typically at a level above that of individual patient
(e.g., unit level, hospital level). For example, the clipboard was thus
designed to present key information both at the unit and hospital
levels to allow for effective information transfers and care coordi-
nation under high time pressures rather than providing detailed
information on each individual patient.
Since clinicians design information tools based on the realities
of clinical work, these tools typically ﬁt the nature of their job
and the workﬂow. For example, the clipboard was designed to sup-
port the mobile nature of the job, to support information transfer
under time pressure, to enable quick annotation, to provide a
mechanism for informal information transfer and recording, and
to facilitate the continuity of care and coordination.
The costs of accessing and sharing information in the highly
demanding clinical environment are much lower with the clini-
cian-designed information tools, mainly due to the effective use
of visualizations, shorthand symbols, and color-coding and based
on the non-permanent nature of these tools. When used cor-
rectly, visualizations, shorthand symbols, and color-coding can
support the cognitive activities of the clinicians [25] by increas-
ing their memory and processing resources and, through pattern
recognition, reducing the time needed to ﬁnd information [48].
Typically, information is stored temporarily on these clinician-
designed information tools and destroyed after a short time per-
iod. For example, the clipboard is destroyed at the end of each
12-h shift. This characteristic of clinician-designed information
tools may actually be advantageous for supporting the jobs that
depend heavily on sensitive information and necessitate making
many tentative and uncommitted plans that are not appropriate
to be included in the formal information systems such as the
EMR.
Despite their many advantages, clinician-designed information
tools have several drawbacks. They may be considered to be ‘work-
arounds’ that have emerged due to the inadequacy of the existing
information systems. Workarounds have been reported to nega-
tively affect patient safety and other health care system variables
[20,49]. The drawbacks of the nurse coordinator’s clipboard can
be summarized as follows:
 It takes a considerable amount of time to prepare the clipboard
at the end of each shift.
 Since there is only one copy of the clipboard, it is harder for the
nurse coordinator to share the information with another clini-
cian when they are not co-located. Additionally, if the clipboard
gets lost, it will take considerable time to assemble a new one
and some information critical for care coordination may be lost.
 There is no reminder mechanism for the nurse coordinator to
update the clipboard when new information becomes available.
Hence, information critical for care coordination or patient
safety (e.g., infection status of a patient) may be inadvertently
left out of the information included in the clipboard.
 Because the annotations on the clipboard are hand-written, they
may be hard for the next shift’s nurse coordinator to read due to
their small size and illegibility.
 Using the clipboard tends to diminish the value of HIT in deci-
sion support, error checking, and real-time information sharing.
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and future research
Our ﬁndings have several potentially breakthrough implications
for designing future generations of HIT and related future research
efforts, as summarized below:
Learning from clinician-designed information tools. Our work has
shown that when put to practical use, HIT may not ﬁt with the cli-
nicians’ work and the existing information infrastructure. The
interaction of HIT with the clinical work system [50] may lead to
modiﬁcations to the HIT with the support of the vendor. However,
in most cases it may not be feasible to wait for the vendor to make
the modiﬁcations, and in some cases the vendor may not agree to
make them at all. In those situations, clinicians take the issue into
their own hands and come up with an alternative solution, typi-
cally in the form of an ad hoc information tool that meets their
needs better than the vendor-designed HIT. The nurse coordina-
tor’s clipboard is one such example. However, the story should
not end there. Designers of future HIT and platforms (e.g., tablet
PCs, digital pen and paper, personal digital assistants) should study
the characteristics of these clinician-designed tools and how they
are used. This is because these tools can provide valuable insights
regarding the information needs of clinicians and the design
requirements necessary for next generation of HIT to be able to
adequately support clinical work.
Concurrent use of vendor- and clinician-designed information
tools. The goal should be to meet the information needs of clini-
cians by enabling the vendor-designed HIT and the clinician-de-
signed information tools to work in harmony, rather than
competing with each other. In other words, instead of trying to
eliminate the clinician-designed information tools, HIT should be
designed to facilitate the assembly of these tools by providing for
maximum freedom in restructuring and reconﬁguring data. This
approach can eliminate the inefﬁciencies in assembling clinician-
designed information tools. Future research should focus on how
the vendor- and clinician-designed tools can work together to im-
prove information management in complex health care settings.
Flexible and quickly adaptable health information technologies. It
is not always possible to foresee clinicians’ information needs,
especially due to the high variability that characterizes clinical
work and the constant changes in clinical work settings. As a result,
there is a need for user interfaces to be quickly adaptable to the
evolving and unforeseeable needs of clinicians while preserving
usability [51,52]. HIT should be designed with the ﬂexibilities
and capabilities that will enable clinicians organize information
in speciﬁc ways, such as by adding data items from different
sources, by deleting unnecessarily detailed information, and by
presenting information in more useful ways. This approach can
potentially lead to the more efﬁcient design and assembly of infor-
mation tools that better ﬁt the realities of constantly evolving,
complex, fast-paced, and demanding clinical work environments
and that provide adequate support for clinicians. Further collabora-
tive research in the areas of computer science, human factors,
health informatics and medicine are necessary to be able to devel-
op the next generation HIT with ﬂexible and adaptable user
interfaces.
Use of a mixture of information tools to support clinicians’ work.
Each information source has its strengths and weaknesses. To meet
clinicians’ information needs, tools that can accommodate a multi-
tude of information sources with varying degrees of accuracy,
accessibility and comprehensiveness are essential. Not all informa-
tion tools have to be computerized; rather, a hybrid-media ap-
proach that includes a combination of paper-based and
computerized information tools appears to be the best solution.
Paper-based information tools have several advantages such as
being portable, ﬂexible, easy to annotate, and easy to access[27,53]. As evidenced by this study and others [25,38], clinicians
often use a paper-based medium for designing information tools
based on vendor-designed HIT, largely because paper is easy to
handle and manipulate. It should be as easy as ‘‘using scissors
and tape” (Fig. 2) for clinicians to design information tools support-
ing their job. Researchers should continue to investigate how to
design an infrastructure to support effective information transfer
in clinical environments.
5. Conclusions
To support their work, clinicians frequently design information
tools based on a variety of information sources. Studying the
characteristics of these clinician-designed information tools pro-
vides valuable insights on the information needs of clinicians that
might be very difﬁcult to gain otherwise but are essential for
improving the design of current HIT. The user design of informa-
tion tools is the key to ﬂexible, reliable, and rapid information
processing, and thus should be supported explicitly in design of
future HIT to be able to meet clinicians’ complex information
needs. User design may take the form of assembling data from dif-
ferent information sources, identifying the most relevant data for
the tasks that must be completed, and annotating, reorganizing
and representing information to best meet users’ needs. Instead
of focusing on eliminating user design of information tools, the
goal should be to make the vendor-designed HIT and the user-de-
signed tools work in harmony to adequately support the clinical
work.
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